A 62-year-old man died from tricuspid monilial endocarditis and systemic candidiasis associated with embolization to the right heart of a 36-cm fragment of one polyethylene catheter received in the venous system approximately one year earlier. Thirty-six additional cases of catheter embolism are reviewed and tabulated. In 17 of the 37 patients the catheter fragment had reached the right side of the heart, and in eight, a branch of the pulmonary artery. In six of 13 patients who died, catheter embolism was the exclusive or a major contributory cause of death. Measures designed to prevent the breakage and embolization of polyethylene tubes and to facilitate their retrieval in case of loss are discussed. If a catheter fragment has been lost into the venous system, it should be located and removed at once.
( I indwelling plastic catheter can produce is its breakage or detachment and the subsequent embolization of the liberated fragment. If the lost piece of tubing is allowed to reach the heart or the pulmonary arterial bed, serious consequences may threaten the patient's life.
In this communication a fatal case of polyethylene catheter embolism is described, and the available clinical and pathological data of 36 additional cases collected from the literature are discussed and tabulated. Since our patient is the first on record in whom catheter embolism was associated with, and causally linked to, monilial endocarditis and systemic candidiasis, these two infrequently 380 encountered entities are also reviewed briefly.
Report of Case Clinical Data
The patient, a 62-year-old male Negro who had been a heavy drinker, was admitted to the Jewish Chronic Disease Hospital with a 1-week history of nausea, vomiting, and diarrhea. One year earlier he had been hospitalized elsewhere for a laparotomy following trauma; this had been his only other hospitalization.
Physical examination revealed a stocky Negro in no distress. His temperature was 101.8 F, the pulse rate 104/min, the respiration rate 16/min, and the blood pressure 130/80 mm Hg. The neck veins were moderately distended. A few rales were heard over both pulmonary bases. There was an apical systolic murmur, and the second pulmonary sound was accentuated. An electrocardiogram showed inverted T waves in leads V1 through V4. Radiographic examination of the chest revealed moderate cardiomegaly; films of the abdomen were considered unremarkable.
Because of the history of alcoholism and on the basis of certain laboratory data, cirrhosis of POLYETHYLENE CATHETER EMBOLISM the liver, perhaps with a superimposed cholecystitis or pancreatitis, was suspected initially. He was treated with intravenous fluids. When the fever persisted and abdominal rigor developed, penicillin in daily doses of 30 million units and streptomycin in daily doses of 1 g were added to the regimen on the fourth hospital day. By the sixth hospital day the patient was afebrile and eating, and much of the abdominal tenderness was gone. On the following day, however, he became very dyspneic and orthopneic, and his cervical veins were markedly distended. An apical diastolic gallop rhythm, together with systolic and diastolic murmurs at Erb's point, was heard. Digitalis, mercuhydrin, aminophylline, and oxygen were administered. The patient, however, expired 6 hours later.
Autopsy Findings
Only data which are pertinent in the context of this report will be recorded.
Gross Observations
A linear surgical scar was noted in the left upper abdominal quadrant. There were two ve- Figure 1 Partially opened right heart. The course of the catheter is outlined by straight arrows. The atrial surface of the entire tricuspid valve is covered by bulky thrombotic material (curved arrows).
Circulation, Volume XXXVII, March 1968 nous cutdown scars, one each in the right and left cubital fossa.
The heart weighed 320 g; its size and shape were within normal limits. When the chambers were opened, a polyethylene tube, 36 cm long and 0.2 cm in diameter, was encountered in the lumen of the superior vena cava, the right atrium, and the right ventricle ( fig. 1) . The atrial aspect of the tricuspid valve, which measured 11 cm in circumference at its base, was completely covered by a bulky, fungating, moderately friable, grey-red thrombotic mass which adhered to the valve proper ( fig. 1 ). The latter was slightly deformed and thickened; its lumen was narrowed to about one half of its normal size by the thrombus; its chordae tendineae were thin, of usual length, and were not fused with one another. A portion of the described thrombus was traversed by the catheter. The right atrium appeared moderately thickened and distended.
The remaining parts of the heart, including the three other valves, were unremarkable.
There were bilateral pleural effusions of 100 ml each. The lungs were moderately edematous.
Liver and spleen were congested; there was no cirrhosis, cholecystitis, or pancreatitis.
Microscopic Observations
The tricuspid valve showed a partially organized thrombus attached to its atrial surface (fig. 2) retained catheter and along entire circumference of tricuspid valve, with partial stenosis of latter; (5) acute systemic candidiasis with mycotic emboli in branches of pulmonary artery, focal acute monilial pneumonia, and focal acute renal (glomerular and interstitial) moniliasis; (6) bilateral pleural effusion; (7) Embolization of a fragment of an indwelling intravenous polyethylene catheter, first reported in 1954 by Turner and Sommers,' is not as rare an event as one might suspect; indeed, it twice became a matter for editorial concern as early as 1963.2,3 A review of the literature disclosed a total of 36 such cases recorded to date1' to which a case of our own has been added (tables 1 and 2). The true incidence of this event is undoubtedly higher, as implied by several authors who refer to additional, not, or not completely, documented instances of polyethylene catheter embolization that have come to their knowledge. 10 Pertinent clinical and anatomic data on the 37 The portal of entry for the detached catheter fragment was an arm vein in 28 cases, the vein of a leg in four, a neck vein in three, and the pudendal vein in one; in the remaining case the site of entry was not known. The embolized fragment was recovered from a peripheral leg vein once, from a peripheral vein of the arm in six patients, and from the inferior vena cava in one patient. In 17 patients, almost one half of the group, the catheter piece lodged in the right atrium or ventricle, often extending into the superior or inferior vena cava. It had traversed the heart and reached a pulmonary artery branch Circulation, Volume XXXVII, March 1968 in eight cases, including three in which recovery had not been attempted. There were four more patients who still harbored their catheter emboli when their cases were reported.
Is the retention of a polyethylene catheter fragment harmful to the patient? Is it true that "polyethylene is quite obviously nonpyrogenic, durable, relatively inert, and not harmful to body tissues," and that it "may be safely tolerated by the body for long periods"?9 In 25 of the 37 cases, no detrimental clinical or pathological effects were recorded (tables 1 and 2). In many of these patients, however, the catheter piece had been removed from the cardiovascular system within minutes, hours, or days after its disappearance. On the other hand, two patients, one with hemophilia,12 who still harbored their catheter emboli were alive and well 2 and 3 years, respectively, after the date of the accident. In Lamprecht's remarkable case,10 a 40-cm fragment of tubing, the second longest on record, had become partially incorporated in the wall of the superior vena cava and the right heart where it was incidentally discovered at autopsy 62 cian. All catheters should be rendered radiopaque to permit their ready visualization by the radiologist, even though contrast venograms may occasionally suffice for this purpose.23 If a needle is used through which the catheter is inserted, the inner surface of its bevel should be dull to prevent easy piercing of the enveloped plastic tube.14 Also, any freely exposed catheter end should have a diameter considerable larger than the lumen of the punctured vein so that the tube cannot glide into the blood vessel in toto. 24 Secondly, particular caution should be exercized with restless patients and if the catheter is to be inserted near joints (which may be moved), into deep veins (where thrombosis occurs more easily), or for extended periods of time (which increases the dangers of thrombosis and infection) 2933 It is obvious that a catheter fragment to which thrombi or microorganisms are attached is much more dangerous than a bland, sterile piece of tubing when carried away with the bloodstream.
Furthermore, the proper technique should be followed when a catheter is being inserted. Complete sterility is mandatory5; the topical application of antibiotic ointments34 or the use of nylon instead of polyethylene tubing35 may assist in reducing the incidence of infection at the needle site. Catheters should be fixed securely. A single loop knot may be placed in its exposed portion, in addition to the usual taping of excess catheter, and a drop of collodion may be placed upon, or a suture tied around, the catheter as it enters the skin.5 A bevel cover designed to protect the needle point portion of the tube is essential, but it, too, may become dislodged on occasion. Under no circumstances should the catheter be withdrawn through the needle as the sharp bevel edge of the latter may cut the catheter. The nursing staff should know the length of the inserted tubing and measure the catheter after removal.19' 36 
Retrieval of Catheter Embolus
If a catheter fragment has been lost in the venous system, it should be located and 
